Of note, the patient developed severe lymphopenia (0.06 × 10 9 /L) on June 6. We therefore sought to evaluate his T-cell subpopulations, including Th1/Tc1, Th2/Tc2, Th9/Tc9, Th17/Tc17, and Treg, in BALF and blood using flow cytometry. The surface markers included anti-human CD3-Percp-cy5.5, CD4-APC-H7, CD8-BV510, CD25-BV421, and programmed cell death-1 (PD-1)-PE (BD Biosciences, San Jose, California, USA). The intracellular cell staining involved fixation and permeabilization as described, [3] followed by staining with anti-human interferon-γ-Alexa 488, interleukin (IL)-4-BV711, IL-9-PE, and IL-17-BV650 (BD Biosciences). Data were acquired using Fortessa (BD Biosciences). As expected, we found that the overall frequencies of T-cell subgroups were conspicuously reduced in blood compared to the corresponding controls, who were age-and gender-matched healthy donors without any medical conditions we recruited, and the BALF profiles paralleled that observed in the blood. However, the PD-1 expression on CD4 + and CD8 + T-cells was elevated compared with that in controls [ Table 1 ], suggesting that the patient was highly immunocompromised with T-cell exhaustion. Interestingly, the lymphocyte compartment showed a reversal (1.0 × 10 9 /L) when the H7N9 virus test returned negative on June 19. The PD-1 expression on CD4 + and CD8 + T-cells was lower than on the day when the severe lymphopenia occurred. Moreover, a slightly higher proportion of T-cell subpopulations were found in the case patient than in the controls who were immunocompetent, regardless of preexisting immunosuppression [ Table 1 ]. Overall, these implied that the patient might have experienced a relatively enhanced T-cell immune activation.
Lymphocytopenia is an important feature of H7N9 infection. [2, 4] The lymphocyte count in our patient was only 0.06 × 10 9 /L with a significant reduction, which is rarely seen in H7N9-infected patients. However, no evidence of monocytosis (monocyte count: 0.01 × 10 9 /L) accompanying the lymphocytopenia was found as reported previously, [4] which might be due to the transient exhaustion of the immune response. T-cells might undergo an acute exhaustion that is mediated by an overexpression of PD-1 in response to the H7N9 virus and previous urinary pathogens in the patient, which were consistent with that in H1N1 infection. [5] These factors might lead to the deleterious immunological response and increased host susceptibility to secondary infection. Importantly, the BALF T-cell profiles parallels those in blood; but they are in a relatively higher levels compared with those in blood. This is mostly because T-cells can migrate from the blood to the lungs and become involved in the injurious immunity in the lung. Thus, our investigation has revealed, for the first time, a patient with critical H7N9 infection, with severe lymphopenia and T-cell subpopulation immune dysregulation.
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